The average number of Cerenkov photons emitted by a charged particle, in an isotropic permeable medium, moving parallel to a perfectly conducting neutral plate is obtained at arbitmry temperature. It is shown that an explicit enhancement (a maximum) of 40 % of this number is possible due to the presence of the plate by choosing specific windows, obtained from one general universal formula, with the windows centered about any point of the frequency spectrum at any temperature and for any index of refraction. The conditions for this universality property of 40 % enhancement applicable to any point of the spectrum are given, and explicit computations are done for a microwave frequency and for blue light. The analysis is carried out from a quantum field theory viewpoint. §1. Introduction
§1. Introduction
The Cerenkov radiation l ) emitted by a charged particle moving in a medium with a speed greater than the speed of light in the medium has fascinated physicists2)~17) for years since its discoveryl) and its early theoretical analysis. IS) In the present paper, a study of the average number density of Cerenkov photons of different frequencies emitted by a charged particle, in an isotropic permeable medium of index of refraction n = # moving parallel to a perfectly conducting neutral plate, first considered in Ref. 2) , is given at arbitrary temperature T, and hence, it necessarily involves the Planck constant h. In particular, it is shown that an explicit enhancement, as a maximum, of 40 % of this number is possible in the presence of the conducting plate for photons emitted through "selective windows" , obtained from a general universal formula (Eqs. (25) and (26)), centered about any point of the frequency spectrum at any temperature and for any index of refraction. This remarkable universal property of 40 % enhancement, independent of frequency, of temperature, and of the value of the index of refraction, holds for specific values of the combination of the distance a at which the particle moves from the plate and the "distance" of the value of the speed v of the particle from its threshold value of cln, where c is the speed of light. By gradually controlling the magnitudes of a and v as the latter moves away from its threshold value, the 40 % enhancement of the photon number will be met as the selective windows, determined· from the theory, slide along the frequency spectrum. Explicit applications are made to blue light and a microwave frequency. As in most analyses, the recoil of the charged particle is not considered and is beyond the scope of the present work. The treatment is given from a quantum field theory viewpoint 2 ) via the vacuum-to-vacuum transition amplitude. 16 ),19) §2. Cerenkov photon emission
Our starting point is the vacuum-to-vacuum transition amplitude, at zero temperature (T = 0), in the presence of a charged particle, described by a current Jl(x), moving in the xl-direction parallel to a perfectly conducting neutral plate defined by the XI_X2 plane:
The latter may be rewritten in a more convenient symmetrical form as where now (3) and (4) We note, in particular, that on the mass shell for the photon, (5) and the energy 1U..J of a photon may be written w = IKle/n, (6) where IKI is the wave-number in the medium described by the index of refraction n, and w is independent of n. At finite temperature T i= 0,20} we must first replace the amplitude (0+ I 0_) by an amplitude (N; 
where w is expressed in terms of IKI in (6).
The average number of photons emitted by the charged particle is then: 2 ), 20) Clearly the integrand in (8) is positive definite, and hence we have, for the average number density of photons with angular frequency in (w, w + dw), the expressions 
dw(N(w)) .
(10)
For the charged particle moving with speed v at a distance a from the conducting plate, we have (11) Therefore, for the charged particle moving a distance L, we may formally write
Hence the average number density of photons emitted with angular frequency in (w,w + dw) by the charged particle during the time it traverses a distance L is
The K1-integral is readily carried out. The K2_K3 integral is then easily carried out in polar coordinates to give
where a = e 2 /41rnc, with the classic threshold condition for the validity of (14) given
which follows from the condition (Kl)2 < IKI2, and where we have used the well- That is
Therefore, the average number of photons emitted with angular frequencies within a range (Wl,W2) during the time that the charged particle traverses a distance L is (20) where 41r1ll c;-
and p(z) is defined in (18) .
The multiplicative factor (22) gives the correction due to the presence of the conducting plate to the average number of photons emitted within the frequency window (Vl, V2), at temperature T, as the charged particle moves a distance L. From the mean value theorem, we may write i~2 Jo(z)dp(z)
This is a remarkable universal result, as it applies to the entire frequency spectrum. It implies that as long as one chooses a window (Vl, V2) centered about any point Vo such that 26) and hence V2/Vl = 4.0/3.8, there will be a 40 % enhancement of the number of photons emitted in the presence of the conducting plate to the corresponding case with no conducting plate, for any Vo, at any temperature and for any value of the index of refraction, as long as the combination aJn 2 -J2 satisfies the condition:
where we have used (25) (or equivalently (26)) to write 7.6 8 Vl = 7.Svo,
for the arbitrarily chosen point Vo in the frequency spectrum. This should provide a criterion for an indirect detectibility of the conducting plate by choosing an appropriate window (Vb V2) given in (28) for a given Vo. By gradually controlling the distance a and the speed v as the latter moves away from the threshold value (Eq. (15)) c/n such that (27) is satisfied, and choosing the window (VI' V2) just discussed for the given vo, the 40 % enhancement will be met for any T and any n. 
The definition of b in (18) gives (31) We note that for T < 10000 OK, Z2 = 4, ZI = 3.8,
and the temperature does not play an important role in our formula (20) in the optical region. It is interesting to obtain an order of magnitude estimate of the average number of photons emitted per charged particle for the example just considered. From (32), (14) and (19) , the largest possible value for (20) will occur for dielectric constants closest to one which characterizes gases rather than liquids. Since the charged particle will lose its energy very quickly over large distances and will undergo multiple Coulomb scattering departing from the rectilinear trajectory, the distance L should be taken rather small, say, on the order of a few centimeters. With a of the order of a meter, Eq. (20) would then give the estimate 10-11 for the average number of photons emitted per charged particle. Although this is rather small, the enhancement factor can nevertheless be in principle detected, since in practice one is dealing with a beam of a large number of charged particles each as a possible source of radiation.
As another application, consider a window centered about a microwave frequency of 10 10 Hz. Equation (28) 
Here we note that the temperature plays a more important role in our formula (20) in the microwave region, although its contribution is small unless one is dealing with high temperatures. For high temperatures, however, the enhancement due to Cerenkov radiation alone may be difficult to detect due to the thermal background of photons. The presence of the conducting plate may be also detected by choosing a different window about points of the frequency spectrum which would result in a suppression of the number of photons emitted. This may be obtained by choosing a window (VI, V2) which gives a local maximum 22 ) in (24), 1~2 Jo(z)dp(z) Finally, we note that the correction factor in (14) to the average number of photons is frequency dependent, unlike the classic expression (aL/a)(n 2 -1/(32), and may be a critical factor for detection,
